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AN INVESTIGATION OF THE DRAG AND PRESSURE RECOVERY
OF A SUBMERGED INLET AND A NOSE INLET IN THE
TRANSONIC FLIGHT RANGE WITH FREE-FALL MODELS

By James Selna and Bermard A, Sch_'laff
SUMMARY

The drag and pressure recovery of an NACA submerged—inlet model and
an NACA series I nose-inlet model were investigated in the transomic
Plight range. The tests were conducted over a mass—flow-ratio range of
0.% to 0.8 and a Mach nunber range of about 0.8 to 1.10 employing large-—
scale recoverable free—fall models.

The results indicate that the Mach number of drag divergence of the
inlet models was about the same as that of a basic model without inlets,
The external drag coefficients of the nose—inlet model were less than
those of the submerged—inlet model throughout the test range. The 41f-
ference in drag coefficient based on the maximum cross—sectional area of
the models was about 0,02 at supersonic speeds and about 0.015 at sub—
sonic speeds, For a hypothetical airplane with a ratio of maximum fuse—
lage cross—sectional area to wing area of 0.06, the difference in air—
plane drag coefficient would be relatively smmll, about 0.0012 at super—
sonic speeds and about 0.0009 st siubsonic speeds. Additional drag com—
parisons between the two inlet models are made considering inlet incre—
mental and additive drag.

The maximum pressure recovery of the submerged inlet at subsonic
speeds agrees well with previous results. The maximum pressure recovery
diminished when supersonic speeds prevailed on the inlet ramp. Ths
amount of decrease was slight, being of the order of that anticipated for
the total-pressure loss through & normal shock at the maximum ramp Mach
numbers. The variation of the pressure recovery with mass—flow ratio is
in reasonasble agreement with previous results. -
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INTRODUCTION

In order to evaluate the performance of an air inlet, it is neces—
sary to know the drag associated with the use of the inlet as well as
the pressure—recovery characteristics. Pressure-recovery data for
inlets are generally available; however, only limited information is
available on the drag of inlets.

Considerable pressure—recovery information on submerged inlets at
subsonic speeds is given in references 1 to 5 and some ddata on the pres—
sure recovery of submerged inlets in the transonic range are presented
in references 6 to 8. Drag data on submerged inlets, however, are
limited to a few tests at low subsonic speeds (references 1 and 2).

The pressure recovery of open nose inlets throughout the subsonic,
transonic, and supersonic Mech number ranges is generally kmown (refer—
ences 9 to 16). Drag information on open nose inlets at subsonic speeds
are glven in references 10, 11, and 12. Some drag data at supersonic
speeds are given in references: 13 and 14, and the only available data at
trensonic speeds are presented in references 13 and 16.

The purpose of the present investigation was to obtain comparative
drag and pressure—recovery datse Ffor a submerged—inlet model and a nose—
inlet model in the transonic speed range. The investigation was con—
ducted with mass—flow ratios ranging from about 0.4 to 0.8 over a Mach
nunber range of about 0.8 to 1.10. Preliminary results of this investi—
gation, based on limited tests, were reported in reference 16, and are
also included hereln.

The investigation was conducted with large—scale, free-fall recover—
able models in the desert reglions of Edwards Air Force Base at Muroc,
California.

SYMBOIS

total cross-sectional area of duct or ducts, square feet

Ay component of area, normal to free stream, square feet
CDT total drag coefficlent < 3 Dg ), dimensionless
0
int 14d ££1 ! dime
CDI nternal drag coefficlent Tz ) nslonless
C o]
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N
external drag coefficient <CDT - DI) , Qdlmensionless

D
inlet incremental drag coefficient ( 3 aS >, dimensionless
(o}

Dy
additive drag coefficient < E—% ) ,dimensionless
o]

duct depth at duct entrance, inches

total drag, pounds

external drag ( Dp - DI>, pounds

internal drag, pounds
additive drag, pounds
inlet incremental drag, pounds

viscous drag, pounds

boundary—layer perameter [E_—P- f (Eg— H) d.y:] inches

total pressure, pounds per square foot

ram—recovery ratio, dimensionless
Mach nunber, dimensionless §

mess flow, slugs per second

P Ay Vi

dimensionless
Po A Y > ?

maess—-flow ratio <

static pressure, pounds per square foot

dynamic pressure ( 1 ;::V2 >, poundes per sgquare foot
2
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impact pressure (H — p), pounds per square foot

cross—sectional area of model et maximm diameter, square feet
local velocity in boundary layer, feet per second

local velocity outside of boundary layer, feet per second

"velocity, feet per second

distance away from model outer surface, inches
boundary-layer thickness, inches

mass density of alr, slugs per cubic foot
Subscripts

measured wvalue at airspeed head
free stream

duct entrance (station 62 for submerged inlet, station 1 for
nose inlet) :

station 86.5
station 97

station 13k

.8tation where alr discharged from outlet has returned to free—

stream statlc pressure
separate measurements at a given stetion

surface

TECHNIQUE AND MODEIS

The present lnvestigation was conducted employing the recoverable
free-fall-model technique described in reference 16, In this technique
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the model is released from & carrier airplane at about 40,000-feet pres-
sure altitude and accelerates in free fall to a Mach number of sbout 1l.10
t0 1.15. The speed of the model is then reduced by the extension of an
umbrella-type dive brake (shown on & model without inlets in fig. 1).
When the speed of the model has been sufficiently reduced, a parachute is
ejected from a container aft of the dive brake and the model is lowered
to the ground at a speed of less then 50 feet per secon@.

The models employed in the present tests were a model without inlets
(figs. 1 and 2, hereinafter referred to as the basic model), a twin
submerged-inlet model (figs. 3 and 4), and e nose-inlet model (figs. 5
and 6). The models were all 211 inches in length (exclusive of nose-
boom length) with a fineness ratio of 12.k, and weighed about 1100 pounds.
The model fins were oriented for O° incidence. The screws used to attach
the external skin were inserted flush to the skin, but were not filled
with any smoothing compound. The hangers used to attach the model to
the carrier airplane were retracted into the model, flush with the skin
when the model was released. The alrspeed heed employed on &ll models
is shown in figure 7.

The inlet of the submerged-inlet model (figs. 3 and %) had a 7° ramp
with curved divergent walls (reference 1). Each entry had a cross=-
sectional area of 13.62 s e inches and an aspect ratio of 4. The
air-outlet design (fig. 4(c)) was based on the necessity of discharging
the air forward of the dive brake.

The inlet of the nose-inlet model (figs. 5 and 6) comprised, in the
nomenclature of reference 9, an NACA series I-35.8-600 nose inlet with
a l.5=-inch-dismeter airspeed boom (fig. 6) projecting from the center.
The area of the annulus was equivalent to the sum of the two inlet aress
of the submerged-inlet model. The model aft of station 102 was identical
to the submerged-inlet model.

It was considered that the size of the inlet models would be most
suitable for a drag comparison if the same amount of usable volume were
provided in both models. The nose-=inlet model, being the same length as
the submerged-inlet model, had a grester surface area and volume than
the submerged-inlet model. The additional volume, however, was almost
entirely consumed by the additionsl ducting required for the nose inlet.

INSTRUMENTATION AND TESTS

. The instruments employed in the models and the carrier airplane,
their purpose, ranges, and estimated accuracy are described in ref-
erence 16.

-
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The instruments installed in the models consisted of an airspeed
and altitude recorder, a sensitive accelerometer for measuring total drag,
and recording manometers to measure verious pressures. All instruments |
were compensated for the temperatures experienced within the heated inte—
rior of the model. :

The locations of the pressure tubes and orifices in the submerged—
and nose—inlet models are shown in figures 3 and 5, respectively. The .
pressure tube and orifice instrumentstion common to both inlet models
consisted of a total-pressure rake at station 86.5 (fig. 3(c)) for deter—
mining the pressure recovery and s total and static pressure rake at
station 134 (fig. 3(c)) for pressure measurements required to evaluate
the intermal drag. Varlous sonic nozzles were installed in the ducting
with sonic throats at station 97 to control and measure the filow through
the ducting., Pressure orifices were installed in the throat at station
97 (fig. 3(a)) to check the presence of sonic flow at this station. The
duct instrumentation was installed in both ducts for symmetry; however,
only that in one duct was used for measurements in the present tests.
Orifices were installed along the center line of the ramp and lip sur—
faces of the submerged inlet to obtain the pressure distribution on = .
these surfaces, A rake was installed at the entrance to the nose inlet
(f1g. 5(b)) to measure the influence of the nose boom on the pressure
recovery at the inlet. On one drop a boundary—layer rake was installed
at station 60 of the basic model to measurs the characteristics of the
boundary layer for correlation with the pressurs recovery of the sub—
merged inlet model. (Statiom 60 is the location of the leading edgs of
the lip of the submerged inlet model.)

The pressure measuring system was designed to render any effects of
lag negligible, For longer lines, such as airspeed-head lines, the tub—
ing was 3/16-inch inside diameter. Shorter tubes were l/B-inch inside
diameter,

Instruments were installed in a temperature—controlled compartment
of the carrier alrplane to record atmospheric data during the ascent of
the airplane and to record the model release conditions. These instru—
ments conslsted of ailrspeed and altitude recorders, a galvancmeter and
resistance bulb thermometer for messuring atmospheric temperature, and
an instrument timer to actuate a common +timing circuit.

During the ascent of the carrier airplane atmospheric data were
recorded at about 1,000—fest intervals. The airplane was oriented in
level flight at about 40,000-feet pressure altitude for the drop run.
The airplane and model ingtruments were placed in operation 10 seconds
prior to release to record the release conditions and to assure that the
model instrument motors were up to speed at the time of release, After
release, the model accelerated to & Mach mumber of about 1.1, Typical



. 4-_——-&“—~— o
TT==CUNFIDERTIAL

L

NACA RM A51H20

Reynolds number and Mach number variations during the free fall sre
given in figure 8.

The tests included two drops of the basic model, one to evaluate
the drag of the model and the other to measure boundary-layer character-
istics at station 60. Both inlet models were tested with sonic-throat
to inlet-ares ratios of 0.4TT7, 0.683, 0.777, and 0.889 to determine the
drag and pressure recovery of the models over a mass-flow-ratio range of
about O.4 to 0.8. In addition, the submerged~-inlet model was tested
with a sonic-~throat to inlet-area ratio of 0.579.

REDUCTION OF DATA

The static-pressure-error coefficients of the airspeed head (fig. 9)
were employed 1n evaluating free-stream Mach number. Figure 9 was .
derived from a correlation of data obtained during the model drop with
alrplane atmospheric-gurvey data as described in the appendix of refer-
ence 16, The internal drag snd mass-flow ratio were also evaluated as
described in reference 16. The inlet incremental drag for both models
and the sdditive drag for the nose-inlet model were evaluated as des-
cribed in the eppendix.

The total pressures in the ducts, particulasrly in the case of the
noge inlet, fluctusted with time. These fluctuations are believed to be
traceable to slight model oscillations during the free fall and the
attendant effects on the boundary layer shead of the inlets. In the case
of the boundary layer flowing along the nose boom of the ndse inlet,
these Tluctuastions are illustrated by the pressure-~recovery measurements
et station 1, as shown in figure 10. During the tests of the nose-inlet
model at a mass-flow ratio of sbout O.4 (Ag/A;= 0.477), the flow along
the nose boom apparently separated at a Mach mmber of 1.07 and caused
. fluctuations in the accelercmeter resding (drag) and large fluctuations
in the duct pressures. Data for this test were reduced up to a Mach
number of 1.07 only.

For the data presented, the total-pressure fluctustions were insuf-
ficient to affect the drag or mass-flow ratios. Although the total
pressure distribution and fluctustions at station 86.5 of both models
were small compared to those at the entrance of the nose~inlet model, a
falred curve through average values plotted as a function of time was
employed to evaluate pressure recovery.
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RESULTS

The variation of the extermal drag cosfficient of the basic model
with free—stream Mach number is shown in figure 11, The characteristics
of the boundary layer at station 60 of the basic model are given in fig-—
ure 12,

The variation of the drag coefficients, the pressure recovery, and
the mass—flow ratio with free—stream Mach number for each test of the
submerged— and nose—inlet models is presented in figures 13 and 1k y res—
pectively. Drag data for the test of the submerged—inlet model with a
gonic—throat to inlet-area ratio of 0,477 were known to be erroneocus and
are not included in figure 13(e). Local Mach number distributions on the
ramp of the submerged inlet at mass—flow ratios about 0.4, 0.6, and 0.8
are shown In figure 15 and the pressure distributions along the lip of
_the submerged inlet a.t mss—flow ratios of a.'bout 0. 5 and 0.7 are given
in figure 16. -

The varlation of the external drag coefficients of the submerged—
and nose-~inlet models with mass—flow ratio for various Mach numbers is
presented in figure 17. Figure 18 shows the external drag coefficients
less the inlet incremental drag coefficients at Mach numbers of 0.9 and
1.10 for both models, and the sxternal drag coefficients less the addi-
tive draeg coefficlents for the nose—inlet model.

The wvariation of the pressure recovery of the submerged— and nose—
inlet models with mass—flow ratio at various Mach mumbers is shown in
figures 19 and 20, respectively. The pressure recovery at the duct
entrance shown in these figures was evaluated from the pressure recov—
ery at station 86.5 using duct efficiency Pactors established by ground.
tests which are assumed to be valid for the Mach number range of the
present tests. Figure 21 shows the wvariation of the entrance pressure
recovery of the su'bmerged inlet with Mach number for various mess—flow
ratios. :

The maximum pressure recovery of the submerged inlet is compared
with results of other investigations in figure 22, and the variation of .
Pressure recovery of the submerged inlet with mass—flow ratio at Mach
mmbers of 0.8 and 1.10 is compared with previous results in figure 23.

ACCURACY OF RESULTS

Baged on the scatter of the experimental data, the maximmm errors
involved in the evaluation of free-stream Mach number, mass—flow ratio,
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and externsl drag are tebulated below:

Quantity = Estimated meximum error

Mo 10402 8t a Mach number of 0.75
+,01 at Mach numbers above 0.85

.01

=2

Io

CDE +.01 below & Mach number of 1
+.005 gbove & Mach number of 1

DISCUSSION OF RESULTS

Drag

A comperison of figure 11 with figures 13 and 14 shows that the
Mach number of drag divergence for the inlet models was sbout the same
as that of the basic model.

The external drag of the nose-inlet model was less than that of the
submerged~inlet model throughout the test Mach number range as shown in
= figure 17. The difference in drag coefficient hased on the model maxi-
mm cross-sectional area was about 0.02 at supersonic speeds and sbout
0.015 at subsonic speeds. For a hypothetical sirplane, with a ratio of
fuselsge meximum cross-sectionsl area to wing area of 0.06, the differ=-
ence in alrplane drag coefficient based on wing areas would be relstively
smell, about 0.0012 at supersonic speeds and sbout 0.0009 at subsonic
speeds. If the drag camparison is made after subtracting the inlet
incrementel drag (discussed in the appendix) as shown in figure 18, the
drag difference would remain sbout the same as that described above.

The sbove drag comparison is for the submerged-iniet model and the
nose-inlet model with the nose boom projecting from the center of the
models. The external drag of the nose-inlet model without & nose boom
would be essentially the same as that of the model tested. This is
based on the fact that cha.nges in mess-flow ratio (which is a factor
causing large changes in the entering stream tube) did not have much
influence on the external drag in the present tests and also in those of
reference 13; consequently, the small changes to the entering stream
tube resulting from the presence of the nose boom would have & negli-

- gible effect on the external drag. After the inlet Incremental drags
are subtracted from the externsl drags (CDE - Cp,) in figure 18, the
resulting drag for the nose-inlet model is higher than the drag that

- would prevaill for a model without & boam becsuse it includes the drag of
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the nose boom. The drag of the boom is relatively large because of the
adverse pressure gradient on the boom. The drag resulting from pres-
sure and viscous forces on the external surface of this model without
the nose boom is also evident from figure 18 where the additive drag is
subtracted from the external drag (CDE - CDA) A comparison of the

(Cpg - Cpy) curve for the submerged-inlet model with the (Cpg - Cpy)

curve for the nose-inlet model shows that the external surface drag
would be about 0.03 to 0.0k less for a nose-inlet model without a boom
than the corresponding drag of the submerged-inlet model.

The external drag of both inlet models (fig. 17) increased slightly
with increasing mess-flow ratio. This result is 1n reasonable sgreement
with that of reference 13 which shows the external drag of 2 series I
nose-inlet model to be practically constant throughout the masg-flow=-
ratio range of O.4 to 0.8 at Mach numbers less than 1.2. For an open
noge-inlet model, the externsl drag at subsonic speeds is stated to be _
constant in reference 17, with the increase in additive drag (inlet
incremental drag 1n the case of an open nose inlet) associated with a
decrease in mass-flow ratio being compensated by a correspornding increase
in 1ip leading-edge suction. Since the external drag (fig. 17) decreased
slightly as the mass-flow ratio wes decreased, 1t is evident that the
pressure drag of the Inlet models changed in such a manner as to more
than offset the inecrease in inlet incremental drag. Lip-pressure dis-
tributions were not cobtained for the nose-~inlet model. Limited 1lip
pressure distributions were obtained for the submerged=inlet model as
shown in figure 16. The suction on the outer surface of the lip
(fig. 16) increased with decreasing mass-flow ratio from 0.7 to 0.5.
This suction, however, was to a large extent offset by the increase of
pressure on the inner surface of the 1lip which 1s not included as part
of the inlet incremental drag (see appendix). The net effect is small
in comparison with the change in inlet incremental drag coefficient over
the mass-flow-ratio range from 0.7 to 0.5 (fig. 18).

A comparison of the drag of the basic model with that of the nose-
inlet model (fig. 17) shows that the external drag of the basic model was
about the seme as that of the nose-inlet model at the lower mass-flow
ratios. Previous results (reference 10) have shown the drag of a
series I nose-inlet model to be less than that of.s basic model in the
transonlic flight range. The present results, however, are reasonable
because the asir-outlet design employed probably provides higher drag
than the outlet at the extreme aft end of the model employed in refer-
reference 10,
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The ram-recovery ratio of the submerged-inlet model (fig. 21) was
glmost constant throughout the Mach number range at a mass-flow retio of
0.8. At lower mass-flow ratios s the pressure recovery in all ceses
decreased ebove a Mach mmber of sbout 0.90, the amount of decrease
increasing with decressing mess-flow retio. The decreasse st Mach numbers
above 0.90 1s probebly dependent on the boundary-layer shock-wave inter-
action on the inlet ramp. The effects of the boundsry-layer shock-wave
interaction on pressure recovery apperently incresse as the pressure gra-
dient ahead of the inlet becomes more adverse with decreasing mass-flow
ratio.

The maximum entrance pressure recovery of the submerged inlet

(Pig. 19) oceurred at & mass~flow ratio of about 0.6 for the free-stream
Mach number range of 0.8 to 1.05. Abdve a Mach pumber of 1.05, the pres-
sure recovery was almost constant for mass-~flow ratios sbove 0.6. The
meximum pressure recovery is compared with previcus results in figure 22
wherein the boundary-lsyer parameter h/d has been plotted with respect
to the maximum pressure recovery for previous results as well as the
present results. It is noted that the curve based on the equation

Bi-P_,_ B

H - Po d :
provides reasonable agreement with previcus results. The maximm pres=-
sure recovery predicted by the curve of figure 22 sgrees well with the
present results when supersonic speeds did not prevail along the inlet
ramp (i.e., at Pree-stream Mach numbers of 0.9 and below as shown in
fig. 15). The decrease in the meximm pressure recovery of the present
results ies shown in figure 22 to be about 0.035 between & Mach number of
0.90 and 1,10, which is the order of decrease expected on the basis of
the total-pressure loss through & normal shock at the meximum local ramp
Mach numbers of figure 15.

The varilation of the pressure recovery with mess-~flow ratio of the
pubmerged-iniet model is compared with previous results in figure 23 at
free-stream Mach numbers of 0.80 and 1.10. At a Mach number of 0.80, the
boundary-layer parameter h/d. of the present tests is nearly equal to
those of the previous data and the agreement of the previous pressure-
recovery results with the present flight data is considered good. AL a
Mach number of 1.10, the variation of pressure recovery with mass-Tlow
ratio of the previous dates, cbtained on a transonic bump, is about the
same as that of the present results. The difference in pressure recov=-
ery is sbout 0.075, which can be primerily accounted for by the differ-
ence of 0.055 in the boundsry-layer parameter h/d between the two sets
of data. .

e 4
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The pressure recovery of the nose-inlet model at the duct entrance
(fig. 20) increased with increasing mass-flow ratio. This is & result
of decreasing losses in the boundery-layer air flowing along the nose
boom into the inlet as is indicated by & comparison of figure 10(a) with
figure 10(b). These low pressure recoveries for the nose inlet would
not prevaill in the case of a nose inlet without an airspeed boom project-
ing ahead of it. ' .

CONCLUSIONS

The following conclusions are based upon the resulis of an investi-—
gation of the drag and pressure recovery of a submerged— and & nose—inlet
model in the transonic range. The investlgation was conducted for & mass—
flow-ratio range of about 0.4 to 0.8 over a Mach number range of about
0.8 to 1.10.

1. The Mach number of drag dlvergence of the inlet models was about
the same as that of a basic model without inlets,

2. TFor a given mass—flow ratio, the extermal drag of the nose—inlet
model was less than that of the submerged—inlet model; about 0.02 (besed
on maximum model cross—sectional area) less at supersonic speeds and about
0.015 less at subsonlc speeds.

3. The maximum pressure recovery of the submerged inlet model, at
subsonlc speeds, agreed well with the walue predicted from previocus sub-
gsonic datae, When supersonic speeds prevailed on the inlet ramp, the
maximim pressure recovery decreased approximately the amount anticipated
for the total-pressure loss through a normal shock at the maximum local
Mach number on the ramp.

k, The variation 6f pressure recovery of the submerged inlet with
mass—Llow ratlo at subsonic speeds and supersonic speeds is in reason—
able agreement with previous wind—tumnel results.

Ames Aeronautical Iaboratory,
National Advisory Committee for Aeromautics,
Moffett Field, Calif.
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APPENDIX
INTERNAL, INLET INCREMENTAL, AND ADDITIVE DRAG

Internal drag has been defined in wvarious manners bassd on momentum
conslderations of the internal flow. The various internal drag concepts
and their applications in the present report are discussed below.

Consider the two-dimensional model illustrated in figure 2k(a).
The model is assumed to be at O° angle of attack, the inlet and outlet
areas are considered normel to the free stream, andi the velocities of
the flow at stations 1 and 4 are assumed uniform and parallel to the
free stream. The following considerations differentiate between the
actual pressure plus viscous drag forces occurring within a& duct interier
(stations 1 to 4 of fig. 2k(a)) and the quantity normally called internal
drag which considers the viscous losses and pressure forces in the drag
direction associated with the internal flow from free—stream conditioms
(station 0) to the exit (statiom 4) or to a statiom aft of the exit
where free—stream static pressure prewvails (station 5). The difference
between the pressure plus viscous force within the duct interior and the
internal drag (as just defined) gives rise to such concepts as scoop
incremental drag (reference 18), and additive drag in the case of an
open nose inlet (reference 19),

Friction and Pressure Drag Within a Duct

The actunl friction plus pressure drag experienced within the duct
may be expressed by momentum considerations of the flow between ths
inJet and the exit. The momentim equation may be written

4
P1A1+m71—[PMx—(th.4=P4A4+mv4 (1)

vhere (Dg), , 1s the momentum loss resulting from friction. In order
to refer the pressures to free—stream static pressure, the equation

4
Po -A-l —'\/; PQ d-A-x = Po -A-4 (2)

is subtracted from equation (1) to provide the following relationship:
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4
o mn) ta + 0oy = m(T =)+ (aon) Aa - Bip) b (3)
which provides the pressure plus friction drag within the duct interior.
Internal Drag

The quantity normally called internal drag is the pressure forces
in the drag direction and the viscous losseg assoclated with the inter—
nal flow from free—stream conditions shead of the model to a region aft
of the model where free-stream statlc pressure prewvails. Because of
the general acceptance of this definition of internal drag, this desig—
nation 1s employed in the presemnt report. Applying the momentum equa—
tions between stations O and 5, in a manner similar to that employed
to obtain equation (3), results in the expression

pr =/ (0 -po) ax + (r)_, = (Vo= Vs) )

where dAy 1s the incremental surface component normel to the free

stream of the model surfaces and the stream tube bounding the intermal

flow. The guantity (Dg),_, 1s normally employed instead of (Dp)o_s

because Vyx 1s evaluated from conditions at the exit assuming no losses

in total pressure between stations 4 and 5. h -

Another expression for internal drag that has been used is based
on momentum consideratlions between free stream and the exit or

1 4 .
(p1) =£ (p-polaty + (D£),_ =m (Vor %) — (P, — Do) Ag (5)

Equations (4) and (5) are not equivalent, although they generally
-yield equivalent results because the statlc pressure at the exit is
near free—stream static pressure. In the case of the present investi-
gation, these equations yielded practically identical results.

Inlet Incremental Drag

The difference between the pressure plus viscous drag within the
ducting end the internsl drag (equation (4) or (5)) is large at reduced
mass-flow ratios, particularly at supersonic speeds. This difference
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(strictly, the difference between equaticoms (3) and (5)) is defined as
inlet incremental drag herein and may be expressed as

1

D& = - [ (P -— PO)G'A'X — (Df)0-1= m(vl - VO) + (Pl - Po) -A-l (6)

The quantity Dg 1s identical to the scoop incremental drag of ref—
erence 18, which is defined as the sum of the pressure forces (in the
drag direction) on the entering stream tube including the pressure
forces on the stream tube adjacent to the body and the friction losses
of the stream prior to entry into the duct. Thms, when the drag of all
components external to the duct is desired (equation (3)), or the sum
of the inlet incremental drag (equation (6)) and the internal drag
(equation (&) or (5)), must be subtracted from the total drag. The
inlet incremental drag coefficient, based on equation (6), may be
expressed as a function of pressure recovery and mass—flow ratio at a
given Mach number (reference 18).

Additive Drag

In the case of an open nose inlet, equation (6) is also equiwvalent
to the quantity called additive drag in reference 19, which may be
defined as the sum of the pressure forces (in the drag direction) on
the stream tube prior to entry into the duct not including the pressure
forces on the part of the stream tube adjacent to the body surface.
Additive drag may in the general case (with reference to fig. 24(a)) be
expressed mathematically as

1 .
b = | (b-30) @Ay, (7)

vhere (dAx)g,p, is the incremental camponent of area normal to the free
stream of the stream tube not including the forces on the stream tube
edjacent to the body surface. Additive drag, instead of inlet incre-
mental drag, is subtracted from the external drag when the resulting
externsl pressure plus viscous drag is not to include the drag of the
surfaces of the body adJjacent to the internal flow.

Application of Equation (6) to Rounded Lip

The application of equation (6) requires that the area A; De
defined. In the case of a sharp lip (fig. 24(b)), the stagnation point

P
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is generally at the 1lip leading edge and the area A; 1is known. In the
case of & rounded 1lip (fig. 24(b)), however, the location of the stag-—
nation point is not generally known and the area A; 1s generally
unknown.

In the case of a rounded 1lip, it is convenient to employ the duct
area aft of the rounded portion of the 1lip (station 1 of fig. 2k(b)) as - S
the area A;. This, of course, means that the pressure and frictiom
forces on the duct and lip ahead of station 1 are considered part of the
external surface drag (C;DE - CDa.)‘ By doing this, however, the computa—
tions are simplified because the inlet area employed is that upon which
the mass—~flow ratio is conventionally based and the inlet incremental
drag becomes "independent of lip shape at a given mass—flow ratio and
pressure recovery for a glven free—stream Mach number.

Evaluation of Drags fdr Inlets of This Report

The externel drag coefficient was evaluated, as described in refer-~
ence 16, by subtracting the internsl drag coefficient (besed on the

internal drag evaluated from equation (%)) from the total drag coeffi- _ "
clent. 'Ifhe drag of all components of the model external to the duct -
(CDE ) was evaluated by subtracting the lnlet lncremental drag :

coefficient (based on the inlet incremental drag computed from equa-
tion (6)) fram the external dreg. The quantity (Cpp = Cp,) includes the
drag of the nose boom of the nose-inlet model. In order to evaluate the
drag of the external surfaces, not including the nose boom, the additive
drag was also evaluabed for this model and subtracted, in coefficient
form, from the model external drag coefficient. The additive drag was
evalusted by agsuming that the pressure forces on the externsl boundaries
of the entering stream tube were not affected by the presence of the nose -
boom. Thus, by assuming a total-pressure recovery of unity at the
entrance, and employing equation ?6), the additive drag was simply
evaluated for verious masps-flow ratios. The area employed in equa-
tion (6) in this case included the cross-sectionsl area of the nose
boom.
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Figure 1.- Basle model with recovery brake extended.
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Sec. 65
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(a) Model
Figure 4.- Submerged inlet model.
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(e¢) Outlet.
Figure 4.- Concluded.
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{a) Complete model.

Figure 5_-Details of NACA series I nose Inletl model,

e

Table of Ordinates 75 > 211.00
Sta. By Ro
0 3.17 | 3.27 . A@
.20 | 3.43 | 3.0k |
A 3.53 | 3.0k — ST TR S S
.61 | 3.6L | 3.0b B —
82 | 3.67 | 3.04 1 .E radlus,.}3R
1.53 | 3.85 | 3.0%
2.55 | 4.06 | 3.0k ' Section AA '
5.00 | k.46 | 3.06 .
Instrumentation and duct design aft of s1a.62
gl B and body design aft of station 02 are ’
_ %.28 | 5.5 | 3.88 ideniical fo iné submerged iniet woay
20.40 5.98 | k.66
A 28 | 6.26 | 5.18
- W 27.00 | 6.42 | 5.48 : - : &/
\!1%' 30.00 | 6.60 { - ~ : o . w
§Bs ] T =
| . 7. -~
FIE T S S\
1 TO .00 . - - . . .
o 79.96 | 8.33 | - - N \ :
!.Fj 91.80 | 8.47 | - - .
102.00 | 8.50 | - - R R H?(R, /'\
7 ) l ! 2 ” m M
Ayeas {(Per duct
Entrance 13.62 1n.2 (sta.0} @ R @ y
(one-half total entrance area) Stal ;4
Entrance to throst 17-3'!@ in,® (B‘iﬂ.%} = Sfd. 20
Outlet 13.75 in.2 {sta.135.75) sta 36
Specifications
Model. weight, approximately 1070 1b. Note
e e i a2k, tn | \ All dimensions are in Inches
ARA UCL LG, WOLUTRL G OO | TALLWLLLE LLUDF FyAo“te Llla™

A

9c

OSHTICY WS VOvH




1

A

a,
—_—
}\
“{

[

S

=
-
>l 2,47 —St2.0 _Sfe.5 A
. &
1 /89 Sra.l Ié
—1.32
BiE l’,-ﬂ""f 7
N /L A/
a\ L
1\ F LY
"7 g |
|

=

\ : ~ Section AA
H, \Hb \H, eclion T v

Nore
All dimensions are in Inches

(b ) Pressure probes af stfation /.
Figure 5.~ Concluded.




28

e (ONETTENTIRY NACA RM ASLH20

Figure 6.- Nose inlet and asirspeed boom installation.



— /165 -
—“-2.6‘5-—>-' 1 r.285 O.0x035wall
fu

i
L A
i | S . inaonyiton
Y 7 =" e e A e T e T T o e S e =k -

2
a
-
p
%

50 Dia.

jﬁzaa D 7\' \‘ / £ Y
. a '
~ |46 Dia. JOOR. #55(052) drill —/
f 20 holes egqually
spaced
25 0.0 x.035wall
fube
Note
All dimensions are In inches
-‘: EEEA e
i

Figure 7 -Airs, h

D
n
D
Q
B

[

63




<TCORFLDENTIAL, NACA RM A51HZ0

X
S 120 )
E L~
S /
< 100 —
§ B
/

§ &0 .
i
S 60

6 : )
& 72 /6 20 24 28 32 36 40

Time after releass, f, seconds

g: 80 B
s /|
QO .
N | /
S 70 _
S - / . ]
E ! v/
S &0 / -
© . /
8 /
s /
o 90 : 4
] ' /
) /
x 40 /4
3 P
g ' //

30 - . _
g -
S 20 ' | |
c 66 74 82 90 .98 06 14 22 -

Free-stream Mach number, M,

Figure 8.—- Typical variation of Mach number with time and Reynolds
number with Mach number during free fall of mode/.



116

Nose inlet modes/ Submerged inlat mode/ Basic mode/
- m. T - A ﬂt — SN, Y
@ —F s s v ™ = V.0 L
ma ::o
m, 4
A — =04 O —==04 o
Q| Ny my = o Mo
. ~
e
S RN
S
i L .98 — s
2l § . |1 1]
2| o3 .06 AZ =~ Nose_inlet mode/
1 373 e o o |* .
5 §§ -04 k= = — e Submergesd-inlet mode/—
ot [ G '_éﬂ.‘..__ Ca ] : - i 4 v /
4 g8 -02 —‘-c% 3 d% ot [
.3 0 L 1 [ . 11\_
S |
n —-02 - -
® 80 84 88 92 96 100 04 108 112
Free-stream Mach number, M, G

Figure 9. — Variation of static pressure error coe fficient with

Mach pumbar for #he osirspa

ok hasmdd
peea wneaa.

S

OCHIGY WY VOVN

g

TVIINFQT.INOD:

~
~_

1€




32

<« CONFIDENTIAL. 7 NACA RM A51H20

/00 0 0 O-B~0-0—0~0-0~-O~O-O0-0-0-0—C
A e B
T .J
.90 ) HI =
\ J :
80 ) ~ S b M ‘ P :\ .
N B &f !
11 ¥ SpfT®
.70 /
QQ. { _(4(%
1) S
IS 60 | S
.s < Q€ i
s < 0
s 50 K W
S B | o)
s 40
3 ' m
® (@) =2 = 0579, —— = 05
°|: ’ o
S
x /00 R AR IRRO 2000 .
- ﬁﬁ) d H,} see —
1 3 i) o Hy Yfigure
.90 RTEI [T o ke 5 —

BER iR
g{ Sl Ao

(0403 !

706 20 24 28 32 36 40

Time after re/ease, seconds

A m VW
() == =+ 0889, =~ = 080

A, My
Figure [0.— Pressure—recovéry measurements at entrance

to nose inlef.

~ Y rmmL?




=
F3
2
:
30
,oerja::Oﬂ
.26 o
“ bl !
. J 5§ .22 / |
. § ! gl"
. E - / I
Bl 8 8 /d /
IEJ g | o -0 ﬁ /
S —o—0—o—p——39 | !
‘:@? i
f 1 I
o L
70 e 78 -4 .86 .90 94 98 |02 .06 10 - L4

Free-sfream Mach number, M,

Flgurell.—Variation of drag coefficient of basic model with Mach number,

£E




3k | m NACA RM A51H20

Q °
5 7
O g
[
3 4 £
5 & § 100 & £ s a
7 )
I
-0 Mo
.\ 80 at 5 g0
3 S~ [ /
- :‘2 {7 o 90
O~ / o 100
“~ o 6
w NS a /10
\ .
°S g . N 113
o®d 40
I o 20 40 60 80 o0 lL20 /40 /60 [80O
g.g o Oistance above model surface,y, inches

(@) Total-pressure distribution in the boundary
layer at various Mach numbers.

~
L}

o0
Ao

84 88 92 96 too lo4 108 112 116
Free-stream Mach number, M,

(b) Variation of boundary-layer paramefter ]
with free—stream Mach number. d

Boundary-layer parameter, -g-
.
)

Figure 2. — Boundary-/ayer characteristics measured
v al station }:5‘0 %f the basic model, a




NACA RM AS1H20 = QP ITENTTAL 35

o3y
b n
ig "0 //—_:8; b
NG
Sa»
~N o~ E//T ,
N 2 —_ 4 .-/L/F
oS % CANLY M
S§S / 0
3
g Q .6 o 80
N a .90
8% -
bg’ 4 & 100
S A )] O
Lo n /135
N L |
o s 2 |
S D l ]
o0 e
Es 0 [ | |
BN 0 20 40 60 80 100 120 140

Ratio of distance above surface to boundary-
layer rhickness,si

(¢c) Velocity distribution in boundary layer,
8 = 0.6 inches,

Figure /2. — Concluded.




36

NN
'Y 00
T

S g0

‘é ' Aol 4 N OO DA-D
A

S .80

N

Q

Q

Q

S 70

g

S

1
IS

. .90

D

§ ‘O-v‘-o-% M,A\ A
s 90 AR s S A R e g
S

y 70"

3

b3

40

032 2
Q© v

\\ N o

S . g Total | o

QL 24 J-LE -

S =c: v e e e i

3 7

S./6 , E xternal

o

N

Q .08 Ve /Infema/ -

Occ &7 55 92 96 100 107 108

Figure 13. — Variation of_ drag coefficien

NACA RM A51EH20

Free-stream Mach number, M,

(a) %’ = 0889

7

e 116

Is, pressure

recovery, and mass-~flow ratio with free — stream

Mach number for submerged inlet model.

"j .‘Ij. i.ﬁ.;l.'ll PERN



T ENTIAL 7

S
1 1
g 100
£
T .90 .
N Ar—p— - 3 SV
N
g0
Q
Q
;& 70
s X
NS
IS
~ .80
o
3
N —
x 70 —s < O LSO — 0
S
é 60
S
b
40
S 32 i s o1 =i
¥ A=
-y ~ Tota/ /,{
% | L1/
S /16 LE xterna/
>
N
Q
.08 : /m‘lema/ '
S ()
’%:?—O—O——T’Dooo—o—q
L 88 92 96 [00 04 108 11z Il6

Free-stream Mach number, M,

(b) %‘: = 0777

Figure [3. — Continued.

37



(03]
0]

—po

QS

. Hy- Py
Ram-recovery ratio, H

m,
0

Mass -flow ratio,

Drag coefficient, C,

‘EQNFEDENI‘m .___;i NACA RM AS1HZ0

s m—

100
. oz A s
.80
70
70
. Dt
60 —O—G— P ORI Oy
50
S0
32 ] 1 oo
/,
/ Tofa/ ~
24 : ’
- ol %
—
16 =t TE xternal
.08 /nterna/
o= ore)
0 * -
80 L4 88 92 g6 100 104 108 112 116

Free-stream Mach number, M,
c) 22 - 0683
/ 2,

Figure (3. — Continued.

=l i

PR



- —~g — -
NACA RM AS1H2O W—W

o Q_Q
1 1
|y 100
S
T .90
S A Y yey TN TN
N I~ A
N
® g0
Q
Q
LY
T 70
£
g
g
o 60
3 |
S TR b S ol d ol
i .
S
]
§ 40
s
40
o .32 R =
- - §
< 4 Total (A
S 1/ |
o 24 7
B o8 [l A 53T
3 |_4— External
© 76
™
N Int /
nrernag
S o8 —

0,80 84 88 4 96 100 .04 o8 12 116

Free-stream Mach number, M,
As

(d) 2, = 0579

Figure /3. — Continued.




NACA RM A51H20

40
| Q®

I [}

S

3 .90
\

o

S 80
S .
O

Q

N

g 70
D

Q
g

- S0
)

S

N

s 40
NS

s

0 30
g f-{o)
S

b4 88 gz g6 100 o4 o8

Free-stream Mach number, M,

(e) —jf = 0477

Figure [3. — Concluded.

-.-%6\ T -r



—

|Eme—— L _ ¥
67 NACA RM AS51HZ20 " " CONFIDENTTIAL L1
SIS
- ] 1
t’l tg 100 ——
)
§ .80
N et N
; AJ\g—-ﬂ"‘—ﬁ——A_—A- F&-
S 80 w—
o L —
Q
g
E 70
&
gl
. .90
o
-~
S
s~ 80 T
x -<>——<>-—<>-<Poc SO O— DS
- ;
- 1 o
c(g 70
Q
-3
40
o ¥4 ,g—-ﬂ*‘:"n—_,___——
3 TEEET T
o ~+ Total _ L~
3 L4 / - 1 47
s ==l
3 i "\ External
e
o JJ6
o
S
A\
S .08 7 Internal
[
(7] -
80 84 88 92 96 100 04 108 112 116

Free-stream Mach number, M,

(a) 22 = 0869
- 4, .
Figure [4.— Variation of drag coefficients, pressure recovery, and
. ' mass - flow ratio with free-stream Mach number for nose-inlet
modael/.

TR



Lo

Po

Hy
- P,

Ram-recovery ratio,

m,
0

Mass-flow ratio,

Orag coefficient, C,

NACA RM A51H20

100

g0

1 __‘43_—.4&——44:——-4&%——15\
—A—’A'/—u s

g0

70

.80

70 B N 4 . :

g 1 o<
.60

<40

32 T e e

-Total ) L—
24 ' / ] ! //'
|t HANS
16 = E xternal
-
08 . _ ,-lntTma/
roO—+—0- e /|
A s
o
055 84 .88 92 96 100 104 |08 112

Free-stream Mach number, M, |

A,
) 2 0777

}

Figure /4.— Continued.

116



NACA RM A51H20 T IELONFIUENTIAL 43
SN
‘1Y r00
th
-Q‘
= .90
S
N — " A
) Lt =1 T
S .80 .
S
[~
S
N~ 70
S
'
gl -
. 70 __
A
N 60 ¥ O SR W 03 ')—) —Q-()—«L)—(‘ re
x g o208
2
iy
50"
a
Q
b3
40 O
Q
Q 32 i Iy
~ =ngDgn
.Q "]
S .24 prete! / —
b
§ U——[f—-ib——m—b——u al B o BN
N T |/
S 1E xternal
A\
Q
.08 Internal

')—(P__(f 5 D"E)-C')—O—O-Zc)__ -

80 24 88 92 = 96 100 104 log NP4 116

Free-stream Mach number, M,

(c) %‘ = 0683
7

Figure /4.—Continued.



=
=

Hy = Py

m,

Mass-flow ratio, Ea‘

Hy =P,

Ram-recovery ratio,

Drag coefficient, C,

NACA RM A51H20

100
.90
.80 ~
o . Y A A
.70
50
<3O )
N ) o
40 = (o ?—'ﬁff S0
30
40
rTotal
J&2 / o
F T ~External
24 Va7
— O =1 a=n g 1 /]
A6 =
08 ~Ilnternal
O 87 88 92z 96 00

o4

o8 e 116

Free-stream Mach number, M,
() 2 . 0477

A

Figure /4.~ Concluded.

——

= CORFIDENTIAT 3



NACA RM AS1H20

Local Mach number, M,

—oiutONE TDENT TATr>

120 /fﬁ\\ IM _
&i\—ﬁ:é/ Q\ o |
E S A\ o .80
| \ 90
1.00 N 0 A\ o .90 _
R P _.,s\ \\ \,:‘ <& .z.ﬁ—
] \\\ A .00
80 M~ AN\ n [0S
start of ramp \\U D1.1O
i | ] leading edge of lipl |
60 1 1 1 \ : .
) .
(9 T =04
N
/‘__m\
1.20 = e =\
st | TN
LT YN N
<+ | \\\
,‘oa .\ \‘
N
O O 3 ‘h
80 \\tf
™o
60 .
(8) mo = 06
/—B~P
leo > T AT N
5 =1 Lo ANAN
1.00 o] \‘\S_\
. ,_, o - <
\\\?\D
\4§
: -
.80 \\o SR
[ |
32 36 40 44 48 52 56 60 64
Model station, Inches
my
() “mg = 08

Figure [5. — Mach number distribution a/oz;; ramp of
s 0

submerged inlet at mass —Fflow ratio

about 04,

0.6, and 08.

. CONFIDENTIAL S

b5



—-/.2 T T T
-1.0 outer surfac e
+ j.-—"‘"
-.8
/ .
- AP 3 \ )
$ .6 7 - - 7
:L e _ /%/ [/O , /+ inner surface
. ?', d +
' . —.2H z ;(/ //) /O
o ; 4 /7
< 2 AA
-
. 2 A TN pos |! uter surface
o . O _ N
[} é r* / + b " / b
Y ) / ? A /7
a ) |4 / 4 ]
» . +, 7" 4 :'nnlar slurface
®
Q': 1.0 o =07
My
I-zi, £ + e p5
7.4L 1 A ? i LM _
0 / 2 o ! 2 / 2 o / 2
Distance along lip chord, inches.
(a) M, =85 (8) M, =.95 (c) M, =1.05 ) M, <110

Figure ]16.— Pressure ‘disrribufion on lip of submerged- inlet model at mass-flow ralios of about 0.5 and 0.7,

:
3
5
:




NACA RM A51H20

£

External drag coefficient, c,

20
./e_ 5 - G:;.
12 O sa'bmeufged inlet
O nose inlet
ogl L Téasic bady
(0) M,= 080
20 :
0 | Fo]
46 =t 5
42
08
) My= 095
¥ r =TS -
) -
28 r
2%
B s 7 8 9

08

3

28

b7

16

/2

(6) M, = 0.90

24

Ems

20

32

(d} Mo’ 105

28

24

20

Mass-flow ratio, —L

®) M, = 10

(f) My= 112

Figure [7. — Variation of external drag coefficient? of

inlet models

Mach numbers.

with mass—flow ratio at various



Drag coefficient C,

NACA RM A51H20

(b) My =1.10

249 I
==y Y
./6 ‘.__H_L—-Z'/:- /* ‘
’/ '
A2 == — al !cﬂe - GD‘;—'
L”
Py .
.08 e [ J
(a) My = .90 )
36 . l
.32 bcp"”\ : cp — cﬂ -
b %-::/ C, — C
d// // p‘ o
24 e —
—r— submerged inlet
20 —|—nose mlff O
40 .60 .80 1.00
Mass-Fflow rotio, my
Mo

Figure 8. — Variation with mass~flow ratio of axternal—drag
less inlet Incremental—drag coefficient for inlet models

and external—drag less additive—drag coefficient
for nose—inleat model.




1Z

e
NACA RM AS51H20 &ECONFIDENTTAL 49

95
1_@"%‘\ l/—=0§\
/ < A N
85 |/ [l ~ Dc\ = /] A
e
/ 4 Duct entrance_|
. L station 86.5
o| X075 et
Q =
< tl° (a) M, = 80 %) M, =.90
-§ .95
3 =TSR =<
N INFE o] oA,
e = o
$
Q
Q
)
v 75
§ - te) M, =95 (@) M, =/.05
& 0
95
g5L_i"] o - -
. | : o//'
.75 ‘
40 60 .80 1.00 40 60 .80 1.00
m,
Mass-flow ratio, o
(7
(e) M, =1./0 (f) My =712
Figure 19. — Variation of ram-recovery ratio of submerged

inlet with mass-flow ratio at various Mach numbers.

-~=CONFIDENTTAD
[P, _——/‘



50 NACA RM AS1H20

.95 Duct entrance

/— I — T ™
////f_—-l_ 8 //

85 ——p<o~ Station 86.5- Ayt
LA | /o
T

75 :

(a) M, = .80 )M, .90
ol . ©
TS 98
T L T
. yd
2 85 4 9 » / i ~
S /LT T /7
\ / /)
N / ﬁ//
S (c) M, = .95 (d) M, =1.05
LS
]
95
E ~ ]
- ///
a5 0 Lo
. : O/
75
40 60 80 1.00 40 60 80 /.00
. m,
Mass-Fflow ratio, -”'—a
e} M, =//0 _ (FI M, =1./12

Figure 20. - Variation of ram-recovery ratio of nose-inlet model
with mass-flow-ratio at various Mach numbers.




82

NACA RM A51HZ20

95
_/'—'—— I
\\
L5 <
@ = o5
My
95
Q? Q? I
L lQ ‘\'\
TIX g5
S
E {b).’_nL s 0.6
N Mo
P
S .95
[X) .
N —
0 \’\
S &5
Q-
m
(0}70 o7
95
85 <z
.70 .80 90 100 L/0 120
Free-stream Mach number, M,
Mo

Figure 2/. — Variation of entrance ram-—recovery
ratio with Mach number at various mass—
flow ratios for the submerged inlelt.

51



52

NACA RM AS1H20

O Reference
+ Reference
x Refer ence
o Reference
O Reference
A Reference

v Present Invashgaflan

5, Station34.25
s, Station 4250
Station 5075
s Station 59.004

O

-

~JQQQ

<|v - g A / ) ]
S d Hp,—P,
o /6 AN 2 max.
*~ \
L) \ a
S
S Mo \mm
S /2 80= ol
.90 AN

\
® _95\\&
) \\\\:
d .08 | /0= \-\\\\Vu.
\ D
S
T I U
3 O
Q 0} \
T o4

.70 .80 .90

Maximum ram - recovery ratio '( /
Ho — Pg/ max

Figure 22. —Comparison of m

aximum ram —recovery ratio

of submerged inlet with previous subsonic results.



97 NACA RM AS1H20 "‘@ZJNFIDEN_EI}E;
1.00 <
) \—Rcferencc 5, Station 34
\d_ £ 065
90 '#/RQ‘«\G
7/ / Z\TR
VAR Present
/// investigation
o 80 4 41’5‘?oferqnca 5, 7 97
S '|i° Station 42.5
~ h
X[ x° -7 = 085
- 70 : :
2
o
S
LS
. (a) Mo = 08
* L]
1.00
I R
. v —Pre:enf investigation
: '\ £+ - .07
g d
x .90 |
\ LT
/l
.80
/i_ﬂcfercncc 7,
i . PANYY
7O | l I i
20 40 .60 .80 1.00
Mass-flow raotio, Z
0
- {b) Mo :/./0
Figure 23. — GComparison of variation of ram-—recovery

ratio with mass-flow ratio of submerged-inlet

model! with previous data.

GGEIDENTI,AL



54 e CONFIDEN T TA s NACA RM A51H20

o — = ——

0 / 4 5

| |

— M\\\\\\Y/\ S

P

fa) Flow through a ducted body

5

_ ._.__E

(b) Flow ahead of inlet for round
lip and sharp Ilip
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